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ABSTRACT 

Two doses of recombinant human bone morphogenic protein (rhBMP-2) (1.26 or 6.28 
fig) were soaked into prehardened cylinders (04x5 mm) of bioresorbable calcium 
phosphate cement, consisting of 8-tricalcium phosphate-monocalcium phosphate 
monohydrate-calcium sulfate hemihydrate. These cylinder were implanted into 5 mm 
segmental defects in the femora of adult male rats, and the results were compared with 
those in rats that had implantation of the cement alone. Both doses of rhBMP-2 induced 
bone formation in a dose-related manner. Implantation of 6.28 \ig of rhBMP-2 yielded 
much bone formation around cylinders at 3 weeks, resulting in radiographic evidence of 
union in all cases, and showed the same tortional failure loads as those of the contralateral 
control at 9 weeks. Despite new bone formation in the defects that had received 1.26 \ig of 
rhBMP-2 and no rhBMP-2, 40 % and no instances of union were observed, respectively. 

INTRODUCTION 

We have reported that bioresorbable calcium phosphate cement, implanted into rabbit 
cancellous bone defects as a cured cement, had been rapidely replaced by bone tissue and 
strongly stimmulated bone formation [1J. The current investigation was designed to 
determine whether this cement combined with rhBMP-2 show faster bone regeneration 
than the cement alone; and whether a segmental defect, created at a length that predictably 
precludes union, can be healed by the bone that is formed [2). 

MATERIALS AND METHODS 
Implant Materials 

Bioresorbable calcium phosphate cement with the composition of B-Ca3(P04>2 (<250 
\im 23.1. 500 << 1000 Jim 21,4), Ca 3 (P0 4 )2 7.1, CaS0 4 l/2H2O 5.6, and H 2 0 42.8 
was mixed and shaped into ft 4 x 5 mm cylinders. The fl-TCP powder<<250 Jim) contains 
10±3 wt% of ^-TCP. These cylinders were sterilized with drying sterilizer at 180^ for 1 
h. RhBMP-2 solution ( concentration lmg/ml and 0.2 mg/ml) was soaked into the inner 
wall of cylinders. 

Operative Procedure 
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Forty eight adult male Sprague-Dawley rats, weighing between 330-360 k were 
anesthetized with intraabdominal administration of Nembutal. With a lateral approach to 
the femur, a prenlnlled, high density polyethylene plate (4 x 4 x 23 mm) was fixed alone 
the anterior cortex of the femur with o 1.2 mm threaded Kirshner wires. A 5 mm 
segmental defect was created in the region of the middle of the shaft with use of a dental 
burr. The implant was then inserted into the defect and the wound was closed These rats 
were divided equally into three groups. The cement that was soaked no rhBMP-2 served as 
the control material. 

Analysis 

Under intraabdominal sedation, each rat was positioned prone with the hindlimb 
externally rotated. Serial radiographs of right femur were made at 3 6 and 9 weeks 
postoperatively. At each interval. 2 rats from each group were killed for histological 
study. Tissue from the area of the defect and the adjacent bone were excised. Undecalcified 
sections were prepared and were microradiographed and stained with May Griinwald 
Giemsa. The femora of the rats were removed at 9 weeks. The surrounding soft tissue and 
polyethylene plates and pins in the involved limbs were removed. All of the femora both 
involved and contralateral were tested to failure in torsion. 

RESULTS 




I'l^ l; Radl °8 ra P ns showing the healing of the segmental defects of the high dose 
rhBMP-2 group. A: The cylinder was implanted (just after operation). B: At 3 weeks new 
bone incorporated me cylinder and the defect has united. The plate was encapsulated with 
calcified hematoma. C: At 6 weeks, the resorption of the cement advanced and the bridging 
callus became thick and matured. D: At 9 weeks, the cement was almost resorted and the 
defect has recovered normal bone structure. The calcified capsule shrinked and became 
thick. 




Figure 2. Radiographs showing the healing 
of the segmental defects of no rhBMP-2 
group. A: At 3 weeks, new bone was formed 
along the margins of the osteotomy. The 
cement cylinder started to be resorted. B: At 
6 weeks, the cylinder continued to be resorted 
and became small. The new bone from both 
end of osteotomy advanced but has still not 
united. C: Pseudo-arthrothis was formed. The 
remnant of the cylinder has not incorporated 
id to bone tissue. 



Figure 3. Radiographs showing the healing 
of the segmental defects of low dose 
rhBMP-2 group. A: At 3 weeks, new bone 
has advanced to the end of the cylinder. B: 
At 6 weeks, the cylinder was incorporated 
into bone tissue and the defect has united 
C: Ac 9 weeks. The cement has almost 
resorbed and the fefect has healed. 



Table 1 Mechanical properties of defects that had radiographic evidence of union at 9 
weeks 





BMP (6.28 llg ) 


BMP (1.26 fig) 


Contralateral Femora 




<N= 10) 


(N = 4) 


(N * 30) 


Strength 


0.213±0.034 


0,089±O.069 


0.215+0.003 


(Nm) 






Deformation 


8.UU0±l.80O 


9.120±3.55S 


9.S55±2.140 


(degrees) 






Stiffness 


0.072±a013 


0.043+O.Q14 


0.052±0.OO4 


(Nm/degree) 







Mechanically unstable bones demonstrated typical flat curve patterns of soft tissue on the 
torque-angle graphs., refrecting discontinuity. These defects( 10 of 10 in the control group, 
6 of ten in the low dose group) were excluded from the calculation of the mean values of 
the measured mechanical parameters in the united bone. 
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DISCUSSIONS 

Two dosages of rh BMP-2 (1.4 and 11 Ug ) was tested using the same model [2] Ten 
nvUhgrai™ of the inactive rat bone matrix was served as a carrier material and enclosed in 
modified number 5 gelatin capsules. The high dose group bad 8 out of 10 defect 

^£I^T td 10 Umte ? 3 WeekS and fuushed * None of the defected 

in either low dose group or the inactive DBM controls 

A Polymer containing PLLA, PEG. and PLGA was used as a BMP carrier to repair a 
segmental rabbit ubial defect [3]. There was complete restoration of the defect in 12 
weeks. Mechanical strength in this model was supplied by a HA rod spanning the defect 
and an external fixator. Other carriers using both synthetic polymers and biopolymers have 
reported the experimental groups containing BMP made more bone than controls 
containing only polymer [4-6] . 

These polymers function as a scaffold for bone growth and the addition of BMP 
lacilitate bone growth to occur faster and in greater mass. Ceramics like HA and B-TCP 
are osteoinductive. A MCPM^-TCP-CC paste is injectable and hardens in minutes It 
serves as a fracture stabilizer and scaffold for bone remodeling [?]. However these 
ceramics are slower in resorption than bioresorbable polymers. 

In this study, we have showed that the bioresorbable calcium phosphate cement addinc 

r£ t SnU J am ? nt ° f rh J BMp - 2 ^related bone formation, healed a segmental bone 
defect, and was fast remodeled into bone tissue. 

CONCLUSIONS 

The bioresorbable calcium phosphate cement added with rhBMP-2 healed a segmental 
bone defect fast and accurately. It serves as a scaffold for bone remodeling. Therefore it is 
practicable that this cement will be applied as artificial cancellous bone. 
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